Emergent phenomena in human EEG: a bifurcation theory approach by Frascoli, Federico et al.
 
 
Emergent phenomena in human EEG: a bifurcation
theory approach
Frascoli, Federico; van Veen, Lennaert; Bojak, Ingo; Dafilis, Mathew P; Liley, David T J
DOI:
10.1186/1471-2202-10-S1-P286
License:
Creative Commons: Attribution (CC BY)
Document Version
Publisher's PDF, also known as Version of record
Citation for published version (Harvard):
Frascoli, F, van Veen, L, Bojak, I, Dafilis, MP & Liley, DTJ 2009, Emergent phenomena in human EEG: a
bifurcation theory approach. in BMC Neuroscience: Eighteenth Annual Computational Neuroscience Meeting:
CNS*2009. vol. 10 (Suppl 1), P286, Eighteenth Annual Computational Neuroscience Meeting, Berlin, Germany,
18/07/09. https://doi.org/10.1186/1471-2202-10-S1-P286
Link to publication on Research at Birmingham portal
General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.
•	Users may freely distribute the URL that is used to identify this publication.
•	Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•	User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•	Users may not further distribute the material nor use it for the purposes of commercial gain.
Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.
When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.
If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.
Download date: 01. Feb. 2019
BioMed CentralBMC Neuroscience
ssOpen AccePoster presentation
Emergent phenomena in human EEG: a bifurcation theory 
approach
Federico Frascoli*1, Lennaert Van Veen2, Ingo Bojak3, Mathew P Dafilis1 and 
David TJ Liley1
Address: 1Brain Sciences Institute (BSI), Swinburne University of Technology, P.O. Box 218, Victoria 3122, Australia, 2Department of Mathematics 
and Statistics, Faculty of Arts and Sciences, Concordia University, 1455 de Maisonneuve Blvd. W., H3G 1M8 Montreal, Quebec, Canada and 
3Donders Institute for Brain, Cognition and Behaviour, Centre for Neuroscience, Radboud University Nijmegen (Medical Centre), P.O. Box 9101/
/126, 6500 HB Nijmegen, The Netherlands
Email: David TJ Liley - dliley@swin.edu.au
* Corresponding author    
A recently proposed mesoscopic mean-field theory of
mammalian cortex electro-rhythmogenesis describes the
salient features of electrical activity in the cerebral macro-
column, with the use of inhibitory and excitatory neuro-
nal populations [1]. Numerical solutions to the defining
non-linear equations have revealed two interesting emer-
gent phenomena: i) the appearance of large-scale spatial
coherent 40 Hz oscillations in the model cortex, which
has shown to be experimentally related to cognitive activ-
ity [2], and ii) a surge in spectral EEG power – when the
brain is subject to general anesthetics – as a function of
their concentration [3], a clinically established effect
known as the "biphasic" response. Given that quasi-linear
approximations have been unable to capture the dynami-
cal mechanism that trigger these phenomena, a bifurca-
tion analysis [4] of physiologically relevant parameter sets
was performed.
Because of the predicted importance of inhibitory-inhibi-
tory population strength in determining many fundamen-
tal dynamical features of the model, bifurcation
parameters were chosen that modified inhibitory post-
synaptic potential amplitudes and anatomical coupling
strengths of the inhibitory neural population (respectively
R and k in Figure 1). The analysis revealed the existence of
a pattern of recurring bifurcation diagrams and specific
"phase" transitions that constitute the dynamical require-
ments for the genesis and unfolding of 40 Hz and bipha-
sic behaviors. This result also reaffirms the relevance of
inhibition for the genesis of global collaborative events in
the cortex and sheds light on the organization of the
parameter space and the variability of EEG in the model
respect to those perturbations and collective responses
that are physiologically admissible.
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An example of codimension two bifurcation plots for a parameter set displaying coherent gamma oscillationsFigure 1
An example of codimension two bifurcation plots for a parameter set displaying coherent gamma oscillations. 
The right-most branch of Hopf points corresponds to the emergence of approximately 37 Hz limit cycle activity via a subcriti-
cal Hopf bifurcation above the point labeled "gh" (generalized Hopf). Also, a homoclinic doubling cascade takes place along the 
line of homoclinics emanating from "bt" (Bogdanov-Takens point).Page 2 of 2
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